Abstract. In the article the performance of the advanced indirect evaporative air cooler has been investigated. The application of the heat and mass exchanger in an air conditioning systems have been analyzed according to the typical climatic conditions in Poland. The considered indirect evaporative air cooler is based on the cross-flow heat and mass exchanger model with the Maisotsenko cycle (M-Cycle). The main conclusion is that an application of heat and mass exchanger with the M-Cycle to the typical air conditioning systems to the typical climatic conditions in Poland is characterized by the high cooling efficiency.
Introduction
An average annual energy consumption is growing 2% every year. It resulted, that a primary energy consumption has increased by 49% during the last 20 years. Traditional air-conditioning systems can be often characterized by a large amount energy consumption. To prevent the predicted enormous electrical energy consumption, an indirect evaporate cooling can be considered as an alternative approach. One of the solutions which has the highest potential to significantly reduce the energy consumption for air conditioning is the Maisotsenko cycle, the unique thermodynamic process, where air flow can be cooled to the very low temperature levels with indirect evaporative air cooling [1] . No studies presented so far focus on application of the M-Cycle in the temperate climate conditions. Due to this fact, presented study is concentrated on the practical application of the cross-flow M-Cycle heat and mass exchanger in air conditioning systems in moderate climate conditions. Poland was assumed as an example country with temperate climate conditions [2] . All the calculations were performed in accordance with Polish standards for air conditioning system design [3] . Cross-flow M-Cycle unit was chosen as the most representative heat exchanger for the comparison.
Methods
To investigate the application potential of the M-Cycle in Polish air conditioning systems authors have developed a regression model using the five-level full factorial circumscribed central composite design (CCD) (details can be found in [4] ). Its accuracy was tested and it was confirmed that it gives an accurate description of the considered cooler. 
Assumptions
Two types of systems are compared during operation in different scenarios (Fig. 1) . First system is a typical air handling unit (AHU), with cooling coil and rotary exchanger for heat recovery ( Fig. 1(a) ), second system is based on an AHU equipped with M-Cycle cross-flow air cooler instead of the heat recovery wheel ( Fig. 1(b) ). In this solution HMX operates as a main cooling source, whereas the cooling coil is used as a peak cooling source, which provides additional cooling. The assumptions for the characteristics of the office spaces are listed as follows: Month of comparison: July; Location: Wroclaw, Poland; Parameters in summer: 30°C and RH=45% [2] ; Occupation: 5 people; cooling load per person assumed as in [3] ; Typical window, glass surface equal 10 m 2 [3] ; cooling loads from radiation as in [3] ; One outdoor wall, no heat transfer through the inside walls, floor and ceiling; Hours of operation: 7 a.m.-7 p.m.; Cooling loads from technology are constant and equal to 1 kW; Maximum room temperature in summer Sum RMax R t t = = 25°C; Temperature effectiveness of the rotary heat exchanger is constant and equal to 0.7, only sensible heat recovery; assumed temperature difference between supply and exhaust air (to calculate the airflow rate): 6°C; room temperature is controlled according to Polish standards [2] .
Results and Discussion
The calculation of cooling loads was performed for all the offices, the results are established in Tab. 1. The required airflow rates are equal: Using the previously established supply airflow rates and the required room temperatures during operation hours, the supply air temperatures were established for every room (Table 2) . It should be noted that the airflow rates inside HMXs in each system are similar (537 m 3 /h for S system, 463 m 3 /h for W system and 540 m 3 /h for E system), therefore the outlet air temperatures are assumed to be identical and equal to outlet temperatures obtained by the optimized exchanger (with primary airflow rate equal 540 m 3 /h). With the known required temperature drop on the cooling coil and the airflow rates for each system the required cooling power for the mechanical compression systems during every hour can be calculated. The comparison between the systems equipped with the M-Cycle HMX and the traditional system with the rotary heat exchanger are presented in Figure 2 . It can be seen that HMX generates significantly higher energy savings in compare to the rotary exchanger and, during some part of the day depending on the room exposition, it can operate as the only cooling source (Fig. 2(a) ,(c) and (e)). It can be seen that in case of the "south room" HMX provides Cooling energy alone between 7 and 8 a.m. and between 5 and 7 p.m., during rest of the day it covers from 62 to 81% of the total required cooling power (Fig. 2(a) ). In case of the room with western exposition HMX covers 80% of the daily cooling loads at in can operate as the main cooling source for 7 hours during the 13 hours operation time (Fig. 2(b) ). In case of the "east room" HMX operates with the cooling coil during most of the day (except 7 p.m.) and it covers from 59 to 79% of the required cooling power. In the traditional system, rotary heat exchanger can cover up to 29% of the required cooling power for the "south room", up to 28% for the "west room" and up to 25% for the "east room". Fig. 2 brings another important observation: the summary cooling capacity of M-Cycle and traditional systems are different. The total cooling power obtained by the traditional system is always higher than of the system with the HMX. This is caused by the fact that, in order to provide appropriate air temperature, the cooling coil additionally dehumidifies the airflow (water vapor condenses on the cooler surface). Due to the fact that in the traditional system the cooling coil has to cool the airflow by a higher temperature difference, the condensation is proportionally higher in compare to the M-Cycle system: the required enthalpy difference for the cooling coil is up to six times higher (Fig. 3) . It can be seen that application of the M-Cycle to the air conditioning systems allows not only for energy savings connected with sensible cooling of the airflow, but also by preventing from too high dehumidification of the airflow. In many cases the users of the air conditioning systems feel discomfort due to the too dry conditions in the apartments. However, too low dehumidification of the airflow can lead to the discomfort as well. To analyze this aspect it is necessary to calculate the humidity loads in the conditioned spaces. The example calculation is performed for the southern room at the moment of highest humidity loads (i.e. highest indoor temperature equal 25°C). The occupation of the room include five people performing the sedentary office work with corresponding humidity loads equal ML=30.5·10
Analysis of
-6 kg/s per person. Using the above-established data the psychrometric representation of the processes inside the room was prepared and presented in Figure 3 . It can be seen that evaporative air cooler allows providing comfortable indoor environment (t R =25°C, RH R =58%), however, under higher moisture loads there is a possibility that conditioned space might be too humid (Fig. 3(a) ). Analogous analysis was performed for other rooms and in every case evaporative air cooler provided indoor parameters in range of thermal comfort zone, but in all analyzed cases the moisture loads are identical. Traditional air conditioning system allows keeping more dry conditions inside the room (RHR=53%), however, it is connected with much higher cooling capacity used to cool and dehumidify the airflow.
Summary
In this article the potential of application of the cross-flow M-Cycle air cooler in selected air conditioning systems was investigated. It was established that: The M-Cycle air cooler has a high potential to be applied in air conditioning systems in Polish climate conditions; The operation costs of the systems equipped with the cross-flow M-Cycle air cooler are significantly lower than of the typical mechanical compression systems; M-Cycle air cooler needs to operate with the cooling coil during peak hours; M-Cycle HMX saves energy not only by sensibly cooling the outdoor air, but also by preventing from too high dehumidification. Nomenclature 1-Supply airflow (dry channels HMX), 2-working airflow (wet channels HMX), CC-cooling coil, E-exhaust air, HMX-heat and mass exchanger, i-specific enthalpy, kJ/kg, ML-moisture loads, kg/s, RH-relative humidity, RE-heat recovery exchanger, R-room parameters, Ssupply air parameters, t-temperature, °C, x-humidity ratio, g/kg, ξ-room process vector, kJ/kg,
